16s rRNA gene sequences of Eubacterium brachy, Eubacterium nodatum, Eubacterium saphenum, Eubacterium timidum, and two previously unnamed taxa were determined. The results of a phylogenetic analysis indicated that all of the strains sequenced belonged to a deep branch of the low-G + C-content gram-positive group. The levels of 16s ribosomal DNA sequence similarity between species were low, suggesting that a number of genera may be represented in this group. The representatives of the two unnamed taxa, which were isolated from patients with periodontitis, were clearly distinct from the previously described species, and, therefore, the following two new species are proposed: Eubacterium infirmum (type strain, NCTC 12940) and Eubacterium tardum (type strain, NCTC 12941).
The oral asaccharolytic Eubacterium species are a group of gram-positive anaerobic bacilli which have been found in numbers in patients with periodontal disease and other oral infections, but are only rarely detected at healthy oral sites (8, 10, 13-15, 19, 20, 24, 26) . Four species, Eubacterium brachy, Eubacterium nodatum, Eubacterium saphenum, and Eubacterium timidum, have been described previously (9, 21), although several unnamed taxa have also been reported (4, 13-15, 18, 22, 23) . Historically, the genus Eubacterium has been a genus of convenience and a repository for a collection of diverse organisms that do not correspond to the descriptions of other genera. Therefore, there is considerable heterogeneity among the species placed in this genus. This fact was confirmed for oral Eubacterium species by the results of a recent DNA homology study in which negligible levels of DNA homology between species were observed (16) . Phylogenetic analyses of 16s rRNA sequences have revealed that many Eubacterium species are closely related to members of the genus Clostidium and that Eubacterium species are widely distributed among the taxa of low-G + C-content gram-positive bacteria (5).
The aim of this study was to use 16s rRNA sequencing to construct a phylogeny for the oral asaccharolytic Eubacterium species.
MATERIALS AND METHODS
Eubacterium brachy ATCC 33089T (T = type strain), Eubacterium nodatum ATCC 33099T, Eubacterium saphenum ATCC 49989T, and Eubacterium timidum ATCC 33093T were-obtained from the American Type Culture Collection. Strain W1471, a representative of the unnamed taxon cluster 1 (23), and strain 87K, a representative of the taxon New 1 (4), had been previously isolated from patients with periodontitis.
A metabolic end product analysis was performed as described previously (23) . Enzyme profiles were generated with a Rapid ID32A kit (BioMerieux) according to the manufacturer's instructions. Biochemical tests were performed by standard methods as described previously (22) .
Genomic DNA was isolated as follows (1). Bacterial cells were harvested from two plates containing Fastidious Anaerobe Agar (LabM) supplemented with 5% sheep blood following 96 h of anaerobic incubation and were suspended in 310 pl of HTE buffer (50 mM Tris HCl, 20 mM disodium EDTA; pH 8). The resulting suspension was incubated at -70°C overnight and then snap-thawed at 50°C. Then 350 pl of HTE buffer containing 2% (vol/vol) sarcosyl was added, and the preparation was vortex mixed. A 5-p1 portion of RNase was added, and the solution was incubated at 37°C for 15 min; 100 p1 of a lO-mg/ml proteinase K solution in TNE (10 mM Tris HCl, 10 mM NaCI, 0.1 mM disodium EDTA; pH 8) was added, and the preparation was incubated at 50°C for 90 min. Then 85 p1 of a solution containing 100 mg of hexadecyltrimethylammonium bromide per ml and 51.25 mg of NaCl per ml was added; the resulting solution was vortex mixed and incubated at 65°C for 20 min. An equal volume of chloroform was added, and the mixture was centrifuged at 13,000 X g for 12 min. The top layer was removed and added to 600 pl of isopropanol, and the resulting preparation was incubated overnight at -20°C. The DNA was pelleted by centrifugation at 13,000 X g for 12 min, washed in 80% isopropanol, air dried, resuspended in 200 p1 of sterile distilled water, and stored at -20°C. The 16s rRNA gene was amplified by PCR with different combinations of eubacterial conserved primers 27F, 1392R3, and 1492R (11) . The PCR were performed with Taq polymerase (Boehringer Mannheim) according to the manufacturer's instructions, except that 2 mM MgCl, was used. The PCR products were cloned with a TA cloning kit (InVitrogen) according to the manufacturer's instructions. Plasmids were prepared for sequencing by using Magic miniprep plasmid DNA isolation kits (Promega) according to the manufacturer's instructions. Sequencing was performed with an ALF automated sequencer (Pharmacia LKB) according to the manufacturer's instructions. The sequences which we determined were connected by using DNASIS (Hitachi) and were aligned with each other and with the sequences of related species by using Clustal V (7). Further analysis was performed by using the PHYLIP suite of programs (6). Specifically, DNADIST was used to compare sequences by the Jukes-Cantor algorithm, and NEIGHBOR was used for a neighbor-joining cluster analysis.
Estimation of G + C content. The bacteria were grown in brain heart infusion medium (Lab M) supplemented with 0.2% arginine. The cells were harvested by centrifugation and then suspended in a solution containing 12.5 ml of 0.15 M sodium chloride-50 mM disodium EDTA per g of cell pellet supplemented with 5 mg of proteinase K at 37°C for 1 h. After 0.1 volume of 20% (wthol) sodium dodecyl sulfate was added and the preparation was incubated for 1 h at 37"C, phenol, phenol-chloroform, and chloroform extractions were performed, and the DNA was then precipitated with ethanol. The DNA pellets were washed in 70% ethanol, resuspended in 0.1X SSC ( l x SSC is 0.15 M NaCl plus 15 mM sodium citrate [pH 7]), and dialyzed against 0.1X SSC overnight.
DNA thermal melting points were determined by using a temperature-programmable spectrophometer (2), and the G + C contents were calculated by using standard methods (17 
RESULTS AND DISCUSSION
16s rRNA genes were successfully amplified by PCR with DNAs extracted from five of the six strains studied by using primers 27F and 1492R. No product was obtained with these primers for Eubacterium nodatum ATCC 33099T; however, when primers 27F and 1392R were used, a product was obtained.
The sequences which we determined were aligned with the sequences of related bacteria obtained from SEQNET and the Ribosomal Database Project (12) . Our phylogenetic analysis was based on alignment of 1,217 bases of 16s ribosomal DNA after manual editing. The following regions were included in tlhe analysis (Escherichia coli numbering [3]): positions 28 to 68, 110 to 837, 851 to 1006, 1045 to 1129, and 1146 to 1391. !Some short (<lo-base) sections in these regions where the alignment was poor were omitted from the analysis. The levels olf sequence similarity were less than 94% in all painvise comparisons of the strains whose sequences were determined in tlhis study. Eubacterium nodatum and Eubacterium tardum were tlhe most similar (level of sequence similarity, 93.6%), while Eubacterium nodatum and Eubacterium timidum exhibited only 85.2% similarity.
Phylogenetic analysis of the 16s rRNA gene sequences of the oral asaccharolytic Eubacteriurn species included in this study resulted in assignment of these organisms to a novel deep branch of the low-G + C-content gram-positive bacterial lineage (Fig. 1) . The tree topology shown in Fig. 1 was confirmed by maximum-parsimony and maximum-likelihood analyses. The high bootstrap values for the branches within the cluster indicate the coherence of this group. The deeper branches linking this group with neighboring clusters were associated with lower bootstrap values, indicating that these branches should be viewed with caution. A tree constructed with the unedited sequence data had almost the same topology; all of tlhe main lineages were the same as the lineages on the tree constructed from the edited alignment data. The species selected for comparison were representatives of the groups found in this region of the gram-positive bacteria in a recent study (5 [5] ). The 16s rRNA sequences of representatives of a number of other Eubacterium species are available from databases. None of these sequences was found in the area of the phylogenetic tree which we studied All of the levels of similarity between strains were low, which confirmed DNA homology data which showed that the species examined are not closely related (16) . However, as mentioned above, the phylogenetic tree (Fig. 1) shows that the group of organisms examined in this study constitutes a new branch of low-G + C-content gram-positive bacteria which includes no previously characterized species. Therefore, there would be little practical benefit in establishing eight new genera. The members of this branch are clearly distinct from the type species of the genus Eubacterium, Eubacterium Zimosum. The most sensible course of action might be to propose a new genus to encompass this branch. However, a large number of unnamed taxa are related to this group (13) (14) (15) . Thus, it is appropriate to delay nomenclatural changes at the genus level until these groups have been subjected to taxonomic analysis. The results of this study and previous studies (4,25) indicate that Eubacterium cluster 1 and Eubacterium taxon New 1 are clearly distinct from previously described species and should be classified as independent species; the names proposed for these taxa are Eubacterium infirmum and Eubacterium tardum, respectively.
Useful characteristics for identifying Eubacteriurn infirmum, Eubacterium tardum, and related species are shown in Table 1 .
Description of Eubacterium infirmum sp. nov. Eubacterium infirmum (in. fir' mum. L. adj. infirmum, delicate, referring to the delicate growth of the organism). Cells are obligately anaerobic, non-spore-forming, nonmotile, gram-positive, short rods (0.5 by 1.0 to 2.0 pm). Cells occur singly. After incubation for 7 days on Fastidious Anaerobe Agar plates, colonies are approximately 1 mm in diameter, circular, convex, and translucent. No hemolysis occurs on blood-containing solid media.
No acid is produced from arabinose, cellobiose, galactose, glucose, lactose, mannitol, raffinose, ribose, salicin, sucrose, or xylose. Moderate amounts of acetic and butyric acids are produced in PYG. Catalase, urease, and indole are not produced, and ammonia is not produced from arginine.
Isolated from human periodontal pockets. The G+C content is 38 mol%. 0000 0400 00 0000 012(0/4) 01 0000 0000 00 0000 0000 00 0000 0000 00 0000 0200 00 a Abbreviations: a, acetic acid; b and B, butyric acid; ib, isobutyric acid; iv, isovaleric acid; ic, isocaproic acid; pa, phenyl-acetic acid. Lowercase letters indicate minor products, and uppercase letters indicate major products.
to 3 bm). Cells occur singly and in diphtheroidal arrangements. No hemolysis occurs on blood-containing solid media.
No acid is produced from arabinose, cellobiose, galactose, glucose, lactose, mannitol, raffinose, ribose, salicin, sucrose, or xylose. Moderate amounts of butyric acid are produced in PYG. Catalase, urease, and indole are not produced, and ammonia is not produced from arginine.
Isolated from human periodontal pockets. The G + C content is 45 mol%. The type strain is strain NCTC 12941.
